Objectives: Pseudomonas aeruginosa is a classic opportunistic pathogen with innate resistance to many antibiotics and disinfectants. Resistance to antimicrobial agents makes it the most noxious organism to eliminate from infection site. In view of its antimicrobial resistance, an attempt was made to study its susceptibility to various organic acids.
INTRODUCTION
Pseudomonas aeruginosa is a classic opportunistic pathogen with innate resistance to many antibiotics and disinfectants. It is ubiquitous in the hospital environment and because of its ability to survive in the hospital environment; it creates threat to patient care. It is the most difficult nosocomial pathogen to be eliminated from infection site. In spite of availability of newer antimicrobial agents with broad spectrum of activity, it is difficult to treat wound infections caused by nosocomial strains of P. 1 These agents can be used locally in the treatment of pseudomonal wound infections and the use of antibiotics can be avoided to some extent. P. aeruginosa possesses a considerable degree of natural resistance to antibiotics. Antibiotic treatment is not always satisfactory in the management of Pseudomonal infections.
2 Although, P. aeruginosa is resistant to multiple antibiotics, it is sensitive to acid media and is unable to grow at below pH 5.5. [3] [4] The use of various organic acids notably acetic acid and citric acid for elimination of P. aeruginosa from skin and soft tissue infections and from burn infections has been reported by various workers. [5] [6] [7] [8] [9] [10] In the present study we aimed to investigate in vitro sensitivity of P. aeruginosa to various organic acids such as oxalic acid, lactic acid and trichloroacetic acid in addition to acetic acid and citric acid.
METHODS
For this study, seven isolates of P. aeruginosa isolated and identified by using conventional methods 11 from patients suffering from pseudomonal wound infections. The antimicrobial susceptibility of these isolates was studied by Kirby-Bauer disc diffusion method 12 using fifteen different antimicrobial agents. To determine susceptibility to various organic acids, research grade or analytical grade of organic acids were obtained from Hi-Media laboratories Mumbai and Qualigens, Mumbai and five different concentrations of various acids (acetic acid, citric acid, oxalic acid, lactic acid and trichloroacetic acid) were tested against seven isolates of P. aeruginosa from patients suffering from superficial pseudomonal infections.
To determine the minimum inhibitory concentration (MIC) of various acids, each isolate of P. aeruginosa was inoculated into peptone water and incubated for four hours. After incubation, turbidity of peptone water was matched with Mc Farland standard (No.1) and adjusted accordingly. 13 A set of five test tubes for each acid was taken to study the effect of five different concentrations. A 100 µL of peptone water culture was taken in five tubes and 100 µL of five different concentrations were added to five different tubes. After proper mixing, subcultures were made on pseudomonas isolation agar (PIA) after 5, 10 and 15 minutes of exposure. The PIA plates were incubated at 37˚C and after overnight incubation plates were observed for growth. The test was repeated again to confirm the reproducibility of results. Table 1 shows resistance pattern of clinical isolates of P. aeruginosa. These isolates were found resistant to 10 to 14 antimicrobial agents. All isolates were found susceptible to ceftazidime (100%) and six isolates were susceptible to amikacin (85.7%). No isolates were found susceptible to the fluoroquinolones group of antimicrobial agents and to netillin, ticarcillin, cephotaxime and ceftriaxone. Table 2 shows susceptibility pattern of P. aeruginosa to various acids. All seven isolates were found to be inhibited by one percent oxalic acid and trichloroacetic acid, two percent citric acid and lactic acid, and three percent acetic acid. P. aeruginosa was also found to be inhibited by one percent lactic acid when exposed for 10 minutes or more. Six isolates were inhibited by one percent citric acid and three isolates were inhibited by two percent acetic acid when exposed for 15 minutes. 
RESULTS

DISCUSSION
Pseudomonas infection has always been a problem to the clinicians. Traditional therapies with aminoglycosides or antipseudomonal penicillins have their own limitations. An infection by multiple antibiotic resistant P. aeruginosa seriously hampers the therapy and needs special attention. Its resistance many currently available antipseudomonal agents have been reported, especially the nosocomial strains are highly resistant to various antibiotics. In the present study also, the isolates of P. aeruginosa were found resistant to 10-14 different antimicrobial agents from different groups including fluoroquinolones, aminoglycosides and third generation cephalosporins.
In the present study, all seven isolates were found to be inhibited by all organic acids used. Thrichloroacetic acid and oxalic acid were found most effective followed by lactic acid, citric acid and acetic acid. Susceptibility to acetic acid and citric acid and their use in the treatment of superficial nosocomial infections caused by P. aeruginosa has been previously reported. [5] [6] [7] [8] [9] [10] The topical use of various acids for elimination of P. aeruginosa from skin and soft tissue infections and from burn infections has been reported by various workers. [5] [6] [7] [8] The use of acetic acid has been reported from time to time as a topical agent for the treatment of pseudomonal infections of burns and skin and soft tissue infections. In a study conducted by Sloss et al. all strains of P. aeruginosa exhibited a minimum inhibitory concentration of 2% acetic acid and application of 2% acetic acid to wounds resulted in elimination of P. aeruginosa from the wounds of 14 of the 16 patients within two weeks of treatment. 5 Al-Ibran and Khan found that application of 1% acetic acid to burns wounds cleared P. aeruginosa in 19% cases. 6 However, Juma et al. reported to 2% acetic acid effective against P. aeruginosa in vitro. 7 in our previous study, P. aeruginosa was found to be inhibited by 3% acetic acid in in vitro study. 8 Thus, acetic acid was shown to be an Although some of the strains of P. aeruginosa were in habited by 1% citric acid in in vitro study, all the strains of P. aeruginosa were found to be inhibited by 2% citric acid. This findings is similar to our earlier reports in which 2% citric acid has been reported to be effective in in vitro studies. [9] [10] In the present study, oxalic acid, lactic acid and trichloroacetic acid were also found highly effective in in vitro study. To the best of our knowledge, the activity of these acids against P. aeruginosa has not been reported so far. Oxalic acid and trichloroacetic acid were found most effective agents than other acids. The antimicrobial activity of various organic acids may be attributed to acidic environment created by them, which makes an environment unsuitable for growth and multiplication of P. aeruginosa as P. aeruginosa unable to grow at pH below 5.5.3
CONCLUSIONS
These organic acids (oxalic acid, lactic acid and trichloroacetic acid) can be used clinically as more effective topical agents than acetic acid and citric acid for the treatment of skin and soft tissue infections, and burns infections caused by multiple antibiotic resistant strains of P. aeruginosa. The limitation of this study is lack of in vivo assessment of activity of oxalic acid, lactic acid and trichloroacetic acid, which were found more effective against P. aeruginosa in vitro studies than acetic acid and citric acid and also the study of their toxicity, adverse effects and their in vivo efficacy. Further studies regarding their toxicity, adverse effects and their in vivo efficacy using animal models will help to achieve more useful and concrete conclusion.
